of A. aegypti and the flaviviruses may play a role in the susceptible interaction between flaviviruses and this mosquito. The bias in usages of codon context sequences likely has a functional association with susceptibility of A. aegypti to flaviviral infection. The results from this study will allow us to conduct hypothesis-driven tests to examine the role of codon context bias in evolution of vector-virus interactions at the molecular level.
Introduction
Dengue virus (DENV), yellow fever virus (YFV) and West Nile virus (WNV) are flaviviruses that cause widespread vector-borne diseases in humans throughout the world (Solomon and Mallewa 2001; Mackenzie et al. 2004; Hayes et al. 2005; Barrett and Higgs 2007; Gould and Solomon 2008; Gardner and Ryman 2010; Rossi et al. 2010; Guzman et al. 2010; Suthar et al. 2013; Bhatt et al. 2013 ). The mosquito Aedes aegypti is the principal vector that transmits DENV to humans. Aedes aegypti is also considered a principal vector for YFV and a potential secondary vector for WNV (Center for Disease Control and Prevention 2013; Turell et al. 2001; Vanlandingham et al. 2007 ). In the absence of effective vaccines against most flaviviral diseases (Pugachev et al. 2005; Heinz and Stiasny 2012) , understanding the molecular mechanisms of vector-virus interactions is critical to design novel disease control strategies. Aedes aegypti susceptibility to dengue infection is modulated by differential expression of genes of the mosquito vector in response to infection (Xi et al. 2008; Souza-Neto et al. 2009; Ramirez and Dimopoulos 2010;  Abstract The mosquito Aedes aegypti is the primary vector of dengue virus (DENV) infection in most of the subtropical and tropical countries. Besides DENV, yellow fever virus (YFV) is also transmitted by A. aegypti. Susceptibility of A. aegypti to West Nile virus (WNV) has also been confirmed. Although studies have indicated correlation of codon bias between flaviviridae and their animal/insect hosts, it is not clear if codon sequences have any relation to susceptibility of A. aegypti to DENV, YFV and WNV. In the current study, usages of codon context sequences (codon pairs for neighboring amino acids) of the vector (A. aegypti) genome as well as the flaviviral genomes are investigated. We used bioinformatics methods to quantify codon context bias in a genome-wide manner of A. aegypti as well as DENV, WNV and YFV sequences. Mutual information statistics was applied to perform bicluster analysis of codon context bias between vector and flaviviral sequences. Functional relevance of the bicluster pattern was inferred from published microarray data. Our study shows that codon context bias of DENV, WNV and YFV sequences varies in a bicluster manner with that of specific sets of genes of A. aegypti. Many of these mosquito genes are known to be differentially expressed in response to flaviviral infection suggesting that codon context sequences Girard et al. 2010; Colpitts et al. 2011; Chauhan et al. 2012) . The study by Colpitts et al. (2011) revealed that a common set of genes of A. aegypti are associated with differential expression in response to infection by each of these three flaviviruses. In addition, we have previously shown that codon bias of genes of A. aegypti has a significant association with expression changes of mosquito genes to DENV infection (Behura and Severson 2012a) . Furthermore, the study by Lobo et al. (2009) showed that flaviviruses and the respective animal and insect hosts have common patterns of usage of sequence motifs in their respective genomes. Our primary aim of the present study is to investigate if codon usage bias has any relation to susceptibility of A. aegypti to DENV, YFV and WNV.
Codon usage bias results due to non-random usage of synonymous codons during gene translation and the extent of such bias varies within and between species (Behura and Severson 2013a) . Our recent studies have revealed genome-wide differential usage of codon sequences in different insect species including A. aegypti (Behura and Severson 2012b) . In addition to that, we have also shown that codon bias is a significant factor in genetic diversity of DENV populations (Behura and Severson 2013b) . Specifically, codon usage bias is known to have an association with translational efficiency and/or accuracy (Rocha 2004; Rodriguez et al. 2012; Novoa et al. 2012) as well as expression levels of proteincoding genes (Akashi 2001; Najafabadi and Salavati 2008; Najafabadi et al. 2009; Camiolo et al. 2012) . Codon context bias results due to non-random usage of codon sequences in the messenger RNA that corresponds to neighboring amino acids in the protein. In the simplest term, codon context refers to sequential codon positions (or codon pairs) in the mRNA. The biased usage of codon context sequences is important, considering that they correspond to the A and P sites of the ribosome during translation. The A site binds to an aminoacylated tRNA and the P site binds to a peptidyltRNA. Hence, biased usages of codon context sequences can affect translation selection of genes (Moura et al. 2005) . Moreover, the role of codon context sequences in gene function has been suggested in several studies (Bossi and Ruth 1980; Buckingham 1990 Buckingham , 1994 Irwin et al. 1995; Moura et al. 2007 ). The biased usage of codon context sequences of poliovirus plays an important role in interaction with human host cells (Coleman et al. 2008) . However, no investigation has been performed to explore if codon context bias has any association with the transcriptional response of mosquito genes to viral infections.
To test the above possibility, our primary aim of this study is to determine if codon context sequences of A. aegypti and the three flaviviruses (DENV, WNV and YFV) have any similarity in usage patterns. We are particularly interested in the genes that have been identified as common response genes in A. aegypti to infection by these three viruses (Colpitts et al. 2011) . The results of our study show that A. aegypti genes that commonly respond to these flaviviral infections show a bicluster pattern in the usages of codon context sequences with that of the flaviviruses indicating that codon context bias may have a role in the vector-virus interactions.
Materials and methods

Data
The coding sequences of A. aegypti genes (AaegL1.4) were obtained from VectorBase (https://www.vectorbase.org/) using the Biomart tool. The coding sequences of the complete genome sequences of WNV, DENV and YFV were downloaded (May 2013) from the nucleotide database of NCBI (http://www.ncbi.nlm.nih.gov/). The list of strains and GenBank accession numbers of the three flaviviruses that are investigated in this study can be provided upon request. The set of genes in A. aegypti showing common patterns of transcriptional response to infection of DENV, WNV and YFV were obtained from the Colpitts et al. (2011) study. The orthologs of these A. aegypti genes in two other important vector mosquito species, Culex quinquefasciatus and Anopheles gambiae, were used for comparisons of codon context sequences. The coding sequences of these orthologs were obtained from VectorBase using the Biomart tool.
Analysis of codon context sequences
The coding sequences of A. aegypti genes and that of the individual virus genomes were quantified for codon context usages by the 'Anaconda' software (Moura et al. 2005) . To determine the biased usage of the synonymous codons of the context sequences, the relative synonymous codon context usage (RSCCU) of each codon pair was calculated using the Anaconda tool.
Bicluster analysis of codon context bias by mutual information
The bicluster analysis of codon context sequences of A. aegypti and the three flaviviruses was performed using mutual information (MI) of the RSCCU values generated from Anaconda (Moura et al. 2005) . MI is a probabilistic measure of mutual dependence between two variables that is estimated from the joint probability divided by the product of marginal probabilities of the variables (in our case the variables being codon context bias between virus and mosquito). As codon context bias is not an independent variable, we resorted to a shuffle-and-sample approach to estimate the MI values from variation of codon context usages between the virus and vector. The R code 'shuffleAndExtract' (http://tata-box-blog.blogspot.com/search/label/R) was used to shuffle the coding sequences (A. aegypti as well as the three flaviviruses) and then to extract equal numbers of random samples (n = 25 sequences) each from A. aegypti and the three flaviviruses. The shuffle-and-extract procedure was repeated 1,000 times.
Each of the 1,000 randomized datasets was subjected to calculation of RSSCU of each codon context by Anaconda. The MIs of codon context variation among randomized sequences were calculated using the R package 'BioDist'. The MI values corresponding to each of the 1,000 sequence datasets were then subjected to bicluster analysis in R using a three-step procedure as described by Gupta and Aggarwal (2008) . In the first step, an initial subset of coding sequences was identified that showed similar variation in codon context usages among A. aegypti and flaviviral genomes. In the second step, the subset of codon contexts was identified that showed similar variation among the sequences identified in the first step. In the third step, a final subset of sequences was identified that showed similar variation in codon contexts usage identified from the second step. In each step, a minimum threshold value (user dependent) was used to compare the MI values to select the reduced set of sequences or codon contexts. We set 0.281 as the threshold, which is the average MI of codon contexts and sequences among the 1,000 randomized datasets. The A. aegypti gene(s) showing higher MI than the set threshold were considered as bicluster genes (henceforth 'BCGs') of the mosquito with the codon context bias of the three flaviviruses.
Analysis of functional relevance of BCGs
The BCGs were further investigated to know if they are also differentially expressed in A. aegypti in response to flaviviral infections. This was accomplished by comparisons with the results of a published microarray study (Colpitts et al. 2011) . Yates Chi-square (2 × 2 contingency) tests were performed to determine if the number of response/ non-response genes identified from the microarray experiments (Colpitts et al. 2011 ) was significantly associated with the number of BCGs/non-BCG genes identified from the present study. Also, we analyzed the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways associated with the BCGs using the KEGG mapper tool available at http://www.genome.jp/kegg/mapper.html. The mapped pathways were grouped into different modules based on relatedness among pathways (for example, genes associated with glycolysis, TCA cycle, galactose-, pentose-and fructose-metabolisms were collectively referred to as carbohydrate metabolism genes). The correlation of codon context variation of DENV, WNV and YFV with that of genes belonging to individual pathways was estimated by Pearson correlation and the pathway modules of BCGs were predicted from the rank order of the correlations.
Multiple matrix regression with Mantel permutations
The Mantel test (Mantel 1967 ) was used to determine significance of linear regression of codon context variation of A. aegypti BCGs and non-BCGs with that of the three flaviviruses. The RSSCU values were converted to distance matrix forms which were then subjected to linear regression using the Multi-Mantel (http://anolis.oeb. harvard.edu/~liam/programs/). The program implements the Mantel procedure (Mantel 1967) for multiple matrix regression and evaluates significance by data permutation. In our case, the data were permuted 10,000 times to test significance of analysis of variance in codon context bias between A. aegypti and the flaviviral sequences. The similar matrix regression procedure was also adopted to test significance of association of codon context bias of flaviviruses with codon context bias of orthologous BCGs and non-BCGs of C. quinquefasciatus and A. gambiae.
Cluster analysis of codon context usages
The Anaconda software was used to generate the cluster tree of codon context usages among the BCGs and the three flaviviruses, along with the non-BCGs and their orthologs in C. quinquefasciatus and A. gambiae. The variation of RSCCU values among the individual coding sequences of the flaviviruses and the mosquito genes were assessed by the complete linkage clustering method based on Euclidean distances, using the Cluster 3.0 program (de Hoon et al. 2004) . The purpose of the cluster analysis was to determine if specific codon context sequences are used (either preferentially or avoided) both in flavivirus as well as A. aegypti BCGs.
Canonical correlation of codon context bias between A. aegypti and flavivirus
Canonical correlation was performed using the principal coordinates method (Anderson and Willis 2003) . This was accomplished by partitioning the variation of codon context usages data into the principal coordinates and then testing by permutation if the variation was significant between vector and virus. First, distance matrices were generated separately from the codon context data of A. aegypti BCGs and then for DENV, YFV and WNV sequences. They were then decomposed into component eigenvalues by principal coordinate analysis. The canonical axes scores (position of multivariate points on the canonical axes) were used to determine correlations of each of the original variables with the canonical axes. A permutation test was performed to determine if the correlation of codon context bias between A. aegypti and the flavivirus was significant. These procedures were implemented in a FORTRAN computer program named 'canonical analysis of principal coordinates (CAP)' freely available at https://www.stat. auckland.ac.nz/~mja/Programs.htm. To further validate the relationship of codon context variation between A. aegypti and flaviviruses, we compared the codon context bias of A. aegypti BCGs with that of tick-borne encephalitis virus as a negative control (they do not infect mosquitoes) and cell-fusing agent virus as positive control that is highly adapted to A. aegypti (Cook et al. 2006) . The codon sequences of these viruses were also obtained from NCBI.
Pair-wise a posteriori comparisons
To identify significant association of codon context sequences between A. aegypti and the flaviviruses, a permutation-based Analysis of Variance (ANOVA) method (Anderson 2001 ) was used. The method is based on partitioning of multivariate variation (defined by a distance measure) according to individual factors. The Euclidean distance was used as the measure of variation of codon context bias in our case. The distances between each pair of observation units (i.e., codon contexts) were calculated to obtain a distance matrix which was then used to perform the test statistics in pair-wise manner. The pair-wise a posteriori comparisons were performed between A. aegypti BCGs and flaviviruses for individual amino acids classified as twofold, threefold, fourfold and sixfold degenerate (tryptophan and methionine were excluded as they have no synonymous codons). No data transformation or standardization was done prior to analysis. Unrestricted permutation of the data was allowed to perform the permutation tests (4,999 times) to determine the statistical significance of the analyses. The p value <0.05 was considered as the threshold of significance for association of codon context sequences between flaviviruses and vector sequences, unless stated otherwise.
Results
Quantification of codon context bias
The analysis of coding sequences of the 16,018 predicted genes of A. aegypti (http://www.vectorbase.org) revealed the usage patterns of individual codon context sequences as shown in Fig. 1 . The residual values of each codon context, based on its usage frequency, were calculated using the Anaconda software (Moura et al. 2005 ) wherein the positive and negative values showed the contrasting patterns of codon context usages in A. aegypti genes (Fig. 1) . The red color in Fig. 1 represents the negative values (bad context of codons) and green color represents the positive values (good context of codons) in each analysis. The values that are not statistically significant, calculated by χ 2 test of independence as described in (Moura et al. 2005) , are indicated in black (−3 to +3). The usage patterns of codon context sequences of flaviviruses were determined from complete coding sequences of downloaded from NCBI (http://www.ncbi.nlm.nih.gov). All the complete genomes (3,014 for DENV, 399 for WNV and 48 for YFV) of the three viruses available at NCBI at the time of this investigation were included. The patterns of codon context usages in these viruses are shown in Fig. 2 .
Bicluster patterns of codon context usages between flavivirus and A. aegypti
To compare patterns of codon context usages between A. aegypti and the three flaviviruses, the relative synonymous codon context usages (RSCCU) were calculated. We used a mutual information (MI) based bi-clustering method (Gupta and Aggarwal 2008) to determine if a specific set of genes of A. aegypti tend to have similar variation in the codon context usages of the flaviviruses. We adopted a sequence shuffling approach wherein equal numbers of coding sequences (n = 25) were chosen randomly from the mosquito and the three flaviviruses. The shuffling was repeated 1,000 times to generate randomized coding sequences consisting of 25 sequences each from the four original FASTA sequence datasets. These randomized sequence data sets of flaviviruses and A. aegypti genes were then analyzed separately to quantify codon context patterns using the software 'Anaconda' (Moura et al. 2005) . The MI values that measure the mutual dependence of codon content variation among the coding genes of A. aegypti and the DENV, YFV and WNV sequences were estimated for each of the 1,000 randomized data sets. The bicluster predictions were performed using a predefined threshold value (0.281) which was the mean value of the MI scores of among all the randomized sequences. Using this threshold, we identified specific coding sequences of A. aegypti and the flaviviruses (Table S1 ) that qualified as showing the 'bicluster' pattern in codon context usages.
Variation of codon context usages between BCGs and flaviviruses
Our results further showed that the patterns of codon context usages among the three flaviviruses were more closely related to that of the BCGs than the non-BCGs of A. aegypti (Fig. 3) . The BCGs of A. aegypti also revealed the most similarity in codon context usages with the flaviviruses. Based on canonical correlation test (see "Methods"), the codon context usages of the BCGs of A. aegypti showed significant correlation with codon context usages of the flaviviruses (Fig. 4) . Using matrix regression test (see "Methods"), it was further observed that the codon context bias of A. aegypti BCGs, but not any other gene groups (Fig. 3) has statistically significant correlation (p < 0.01) with that of the three flaviviruses. Moreover, the correlation coefficient of BCGs with the flaviviruses was almost threefold higher than that of non-BCGs in A. aegypti, a distinction that was absent in correlations observed with C. quinquefasciatus and A. gambiae genes (Fig. 3) .
From the canonical correlation test, it was observed that the codon context biases of A. aegypti BCGs varied canonically with that of the flaviviruses, where more than 80 % of the correlated changes in codon context usages could be explained by two principal axes (Fig. 4) . The canonical correlation was statistically significant (p < 0.01) in each case. The correlated variation of codon context sequences of A. aegypti with that of the flaviviruses is most likely associated with natural adaptation of these viruses to the mosquito. This was also evident from significant correlation of codon context bias (p < 0.01) between A. aegypti BCGs and cell-fusing agent viruses but not with tick-borne encephalitis viruses. To further confirm this relationship, we also performed hierarchal cluster analysis of codon context usages in flaviviruses and A. aegypti BCGs. We observed that specific codon context sequences are used in biased manner in both mosquito and virus sequences in the form of distinct clusters. This is evident in Fig. 5 where the A. aegypti sequences (shown by solid vertical line on the right) and the flaviviral sequences (shown by dotted vertical line on the right) coexist in four separate clusters.
Relevance of the BCGs to A. aegypti susceptibility to flaviviruses
When compared with the microarray expression data obtained for the Rockefeller strain of A. aegypti (Colpitts et al. 2011 ), a total of 85 of the significantly differentially expressed genes (n = 405) identified from the microarray study were also represented in the BCGs (Table S1) . Of these 85 genes, 51 genes were up-regulated at least twofold in response to each of the three flavivirus at all the Table S1 ) with codon context bias of the flaviviruses (shown in x axis) are shown. The dark and the light bars in the graph represent the first and the second principal coordinates of the canonical correlation test, respectively Table S1 ). The variation among codon context biases is indicated by differential color; red to black: red being high bias and black being low bias. The patterns were identified by hierarchal cluster analysis of the relative synonymous codon context usages (RSCCU) of each codon pair. The rows and columns represent the 3′-and 5′-codon sequences, respectively, for different codon contexts. Four major clusters were identified as indicated by A through D. The A. aegypti and flaviviral codon contexts that co-cluster within each grouping are shown by either a solid or a dashed vertical line, respectively. The start and end of these lines match to the node in the cluster tree that separates the mosquito and virus codon sequences (color figure online) three post-infection time points examined in the Colpitts et al. (2011) study. Taking into account the total number of coding genes in A. aegypti genome assembly as 16,018 (AaegL1.4), Yates Chi-square tests show statistically significant association (χ 2 = 1,190.9, p < 0.0001) between the differentially expressed genes from the microarray study (Colpitts et al. 2011 ) and the BCGs identified from the current study. To determine if the observed correlation is specific to the Rockefeller strain or may also be associated other strains of A. aegypti, the dengue response genes identified in the DENV susceptible Moyo-S strain (Chauhan et al. 2012) were investigated. The comparison of codon context variation of BCGs with that of dengue response genes in Moyo-S also revealed significant association (p < 0.0001) suggesting that a bicluster pattern between A. aegypti and flaviviruses is not specific to the Rockefeller genotype but may be a general feature of the A. aegypti genome. Furthermore, we also identified expressed sequence tags (ESTs) that unambiguously mapped to a subset of BCGs (~48 %). These ESTs were sequenced from different strains of A. aegypti by various labs and submitted to the EST database of NCBI. After generating the codon alignment of ESTs with that of BCGs (using blastx method described at http://cgpdb.ucdavis.edu/COS_Arabidopsis/ Codon_Usage_Pipeline.html), the codon context variation of ESTs was compared with that of the flaviviruses. It was observed that the EST sequences also showed similar levels of correlation with the flaviviruses as that of BCGs (data not shown) indicating that association of codon context bias between A. aegypti and flaviviruses is statistically significant across different strains of A. aegypti.
To further understand the functional significance of the BCGs, we mapped the BCGs to KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways of A. aegypti. It was expected that genes with similar bias in codon usages would tend to map to the same pathways (Najafabadi et al. 2009 ). We observed three specific pathway modules (1) transport, (2) signaling and (3) glycan biosynthesis that were identified as top ranking functions of the BCGs (Table 1 ). This assessment was based on the rank order correlation of codon context bias of KEGG pathway genes with the coding sequences of the three flaviviruses. From this analysis, it was also observed that each pathway retained the same rank order of correlation with each of the three flaviviruses, although the rank orders generally varied among the pathways. (Table 2 ). The results of this analysis showed that biased usages of specific codon contexts of each of the three flaviviruses vary in a significantly correlated manner (p < 0.05) with the codon context biases of either the commonly up-regulated genes or the commonly down-regulated genes of the mosquito (see Table S1 ). It was found that codon context bias of AGA and CGC (coding for Arg) and AGC, UCC and UCU (coding for Ser) was statistically significant between the differentially expressed genes of A. aegypti and the flavivirus (Table 3) suggesting their possible role in translational selection of genes in the mosquito vector and the flaviviruses.
Discussion
The present study was inspired by the results obtained from the study by Colpitts et al. (2011) which suggested that specific genes of A. aegypti commonly respond to infection with DENV, YFV and WNV. Hence, we wanted to know if these common response genes might have similar codon context biases with that of the flavivirus. Because the A. aegypti translational machinery is exploited by the virus to synthesize viral proteins to complete its life cycle within the mosquito, translational selection of A. aegypti and flaviviral coding sequences may affect molecular interactions between the mosquito and virus. It has been experimentally verified in poliovirus where replacement of optimized codons of the virus with rare synonymous codons attenuated the virus replication in the infected cells (Mueller et al. 2006; Coleman et al. 2008) . Moreover, biased usage of synonymous codons is predicted to have a significant role in transcriptional responses of A. aegypti genes to DENV infection (Behura and Severson 2012a) . Hence, it was reasonable to investigate if the common response genes of A. aegypti to the flaviviral infections might have similar patterns of codon context usages with that of the virus. Considering our results that the BCGs show significant association with the response genes of A. aegypti to infection of the flaviviruses, it is likely that the observed bicluster pattern of codon context usages has a functional role in the interaction between mosquito and flavivirus. Furthermore, the predicted functions of BCGs are also consistent with the predicted functions of the differentially expressed A. aegypti genes identified from microarray studies (Souza-Neto et al. 2009; Colpitts et al. 2011; Chauhan et al. 2012) . The 'transport' function is predicted as one of the major functions of the BCGs from this study. The earlier studies Colpitts et al. 2011; Sim and Dimopoulos 2010 ) also identified such function of the genes from microarray studies. It is likely that a susceptible vector-virus interaction is dependent upon genes related to transport (such as vacuolar trafficking processes) in the infected cell (Hsieh et al. 2008) . Similarly, signal transduction is an important feature of molecular interactions between flavivirus and A. aegypti, which is also predicted from the present study as well as from previous investigations (Souza-Neto et al. 2009; .
The codon contexts that are GC-rich are generally used in low frequency in the BCGs of A. aegypti as well as the flaviviral sequences (data not shown). The GC-rich genes are generally more biased in codon usages than GC-poor genes of A. aegypti (Behura and Severson 2012b) . Hence, the result of the bicluster analysis is consistent to our earlier report that high codon bias has a negative marginal effect on vector gene responsiveness to dengue infection (Behura and Severson 2012a) . The avoidance of GC-rich codons in flaviviral sequences was also evident from an earlier study (Behura and Severson 2013a) . It was observed from that study that AT-rich contexts [particularly, (A) (A/T)(A)-(A)(A/T)(A) pairs] are highly abundant codon contexts, whereas the GC-rich contexts [particularly, (C/G) (C/A)(C/G)-(C/G)(C/A)(C/G) pairs] are generally avoided in the DENV genome.
The results of the present study further indicate that Serine and Arginine have significant association in the relative usage of the codon context sequences between flavivirus and the mosquito. This is an interesting observation because investigation of the DENV genome (Behura and Severson 2013a) also revealed that intracodon variation of Leu, Arg and Ser coding sequences was higher compared to the codons of other amino acids. It was further discovered from that study that the 1st position of Ser and Arg codons, but not Leu codons, was under selection constraint. Most of the variation in Arg and Ser codons in the DENV genome was associated with synonymous changes contributing to biased usage of alternate codons of Ser and Arg. In agreement with the results of current investigation, it is likely that Arg and Ser codons may play roles in translational selection of coding sequences in A. aegypti and the flaviviruses.
This study showed that codon context bias varies in a bicluster manner between flaviviruses and genes of the A. aegypti mosquito. The bias in usages of codon context sequences has a functional association of A. aegypti interaction with DENV, YFV and WNV. Many of these A. aegypti bicluster genes are known to be differentially expressed in response to infection by these flaviviruses suggesting that codon context sequences may have a role in the susceptible interaction between flaviviruses and this mosquito. Although varying degrees of susceptibility of different mosquito populations to dengue virus are known, the role of codon context bias in variation of mosquito-virus interaction has not been tested. The results from this study may promote such research to better understand the molecular evolution of vector-virus interactions. In particular, the results from this study will allow us to conduct experiments to examine the role of codon context bias in evolution of vector-virus interactions at the molecular level.
